lo-* M for NADH (at 37 "C and pH 7.0). The enzyme reaction was strongly inhibited by NADH at concentrations higher than 2 x lo-* M.
INTRODUCTION
Erwinia chrpanrhemi are phytopathogenic enterobacteria responsible for soft-rot of many plant species. The phytopathogenicity Seems to be related to their pectinolytic and cellulolytic activities (Bateman & Basham, 1976) . Polygalacturonic acid (PGA) can be degraded into galacturonate or into 5-keto-4deoxyuronate (DKI) (Moran et a/., 1968) (Fig. 1) Moran et al., 1968) . The galacturonate catabolic pathway was first described in Erwinia carotowru by Kilgore & Starr ( 1959) and is similar to that in Escherichia coli (Ashwell, 1962;  Portalier et a/., 1980; Robert-Baudouy et ul., 1981). By analogy with the PGA metabolism of a phytopathogenic Pseudomonas (Preiss & Ashwell, 1963) it is assumed that DKI i s isomerized to 2,5-diketo-3-deoxygluconate (DKII) and then reduced to KDG (Chatterjee & Starr, 1980) .
In this paper, we report the purification and the major biochemical properties of the enzyme 2-keto-3deoxygluconate : N A D 5-oxidoreductase (EC 1-1. I . 127). The enzyme, isolated from Erwinia chtysanthemi, converts DK I I into K DG. 
KDG.
2 -K e t o -3 -d e o x y g~~r e oxidoreductdtp mazy. For the reduction reaction, the reaction mixture consisted of 0.2 pmol NADH, 0-2 pmol DKII, 0.1 rc-sodium phosphate buffer, pH 7-0, and enzyme in a total volume of 1 ml. The reaction was done at 37 "C and was initiated by the addition of DKII. The oxidation of NADH was followed spcctrophotometrically at 340 nm. For the oxidation reaction, the reaction mixture consisted of 30 pmol KDG, I pmol NAD, 0 1 u-glycylglycine buffer, pH 8.6, and enzyme in a total volume of 1 ml. The reaction was done at 37 "C and was initiated by the addition of KDG. The reduction of NAD was followed spcctrophotomctrically at 340 nm. One unit of enzyme activity was defined as the amount of enzyme required to rcduce 1 fimol N A D or to oxidize I pmol NADH min-I under the above conditions. Prorein m y . Proteins were assayed by the Lowry method, with bovine serum albumin as a standard. French press. Thc cell debris was removed by centrifugation (27000g,20 min), and 20 ml of a 2% (w/v) neutralized protamine sulphatc solution was added slowly to 100 ml of the supernatant fluid. After 4 h, the mixture was centrifuged (270001. 20 min), and (NH4)2SO4 was added to the protarnine sulphate supernatant fluid to give a concentration of 26.3 g pet lo0 ml. The mixture was allowed to stand for 4 h and then the precipitate was pcllctcd (27000g,20 rnin). (NH4),S04 ( I 3.6 g per 100 ml) was added to the supernatant fluid. The mixture was left for 4 h and then centrifuged (27000g.20 min). The precipitate was dissolved in a minimum volume of 0-05 hf-Tris/HCI buffer, pH 7.5, containing 2 ~M-DTT and dialyscd overnight against 5 litrcs of the same buffer, The dialyscd fraction was applied to a DEAE-Scphadcx column (40 x 2-6 cm) which had bcen equilibrated with 0.05 ~-Tris/HCl buffer, pH 7.5. The column wag eluted with a 0.1 to 0-4 M-NaC1 gradient. The fractions containing enzyme activity, corresponding to 0-18 to 0.22 M-NaC1, were precipitated with (NH4)2S04 and centrifuugcd. The pellet was dissolved in 0-05 v-Tris/HCI buffer, pH 7.5, containing 2 mbi-DTT. The enzyme was applied to a Sephaden (3-200 column (40 x 2.6cm) and eluted with the same buffer.
RESULTS
Purification and properties u f Z-keto-3-te oxidoreduetas4 Typical purification steps of 2-keto-3-deoxygluconate oxidoreductase from E. chrysunthemi are summarized in Table 1 . Analysis of the purified enzyme on a denaturing SDS polyacrylamide gel showed only one band (data not shown), indicating a molecular weight of about 23000. However, during the filtration on Sephadex G-200, the enzyme was eluted in the void volume, probably indicating the formation of large non-specific aggregates of at least 10 monomers. The purified enzyme was characterized as follows.
The oxidoreductase was relatively stable. It retained all its activity after 15 h at 20 "C, 90% of its initial activity after 3 weeks at 4 "C and up to 95% if DTT (2 mM) had been added. It could be preserved frozen at -20 "C for 6 months without loss of activity.
The activities of the purified enzyme were determined at various pH values for the oxidation and the reduction reactions (Fig. 2) . The optimum pH for the reduction of DKII was 7 to 7.5, and for the oxidation of KDG it was 10. However, at pH 10, NAD in the presence of KDG was reduced even in the absence of enzyme. This did not occur when the pH was below 9 and we therefore performed the oxidation reaction assays at pH 8.6. Double reciprocal plots of reaction rate versus substrate concentration showed Michaelis constants (K,) of 3.4 x lo-* M for DKII and 3 x M for NADH. However, this reaction was inhibited by concentrations of NADH higher than 2 x lW4 M (Fig. 3) . In the oxidation reaction the K,,, for KDG was 7.7 x M and for NAD it was 4 x M. The equilibrium ratio of KDG to DKII in glycylglycine buffer at pH 8.6 was 3 : 1. In our conditions the optimum temperature was found to be 45 "C (Fig. 4) . However, the standard assay was done at 37 "C. Temperature ("C) Fig. 2 . Effect of pH on 2-kett.~3-deoxygluconate oxidoreductasc. Buffers: pH 5-5, 100 mM-sodium acetate; pH 6.0 to 7-5, 100 mw-sodium phosphate; pH 7.6 to 8-5. 100 mwTris/HCI; pH 8.6 to 10.5.
100 mw-glycylglycine. DKll (0) was added at 0.2 mbi; KDG (a) was added at 30 mw. 
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In a study of thermal denaturation, a sample of enzyme was incubated at different temperatures in 0.1 M-glycylglycine buffer at pH 8.6. At intervals, 1 vol. of mixture was removed and added to 9 vols cold buffer. The activity of the enzyme was then assayed for the oxidation reaction. The protection by different substrates against thermal denaturation of the enzyme was tested. Each substrate was added to the incubation mixture at a concentration of five times the K,. The half-lives of the enzyme under the various conditions are given in Table 2 . By plotting the 2-keto-3-deoxygluconate oxidoreductase activity that remained after thermal denatutat ion at 46 "C against time of incubation, we showed that the denaturation occurred at an exponential rate until only 3% of the original activity remained. The 2-keto-3deoxygluconate oxidoreductase activity in the purified extract was thus probably due to a single protein.
Eject of ions and thiol reagents
The following ions, at a concentration of l m~, showed no influence on the oxidation of KDG: Cu2+, NiZ+, Co2+ , Mg*+, Fe2+. In contrast, Ca2+ (1 m M ) increased the activity by about 20% and Ag+ M) decreased it by 72%. EDTA (I mM) had no influence on the enzyme react ion.
DTT (2 mM) and /I-mercaptoethanol ( I mM) did not affect enzyme activity. In contrast, M decreased the activity of the enzyme by SO% when the assay was made in pCMB at 2 x the standard conditions. Substrate spwiJcitjNone of the following compounds at a concentration of 10 m M could be oxidized by 2-keto-3-deox yglucona te oxidoreduc t ase : 2-deoxy-~glucose, 5-ke to-PgIucona t e, o-glucona te, D-a1 t ronate, Ptagaturonate, o-galacturonate, D-glucuronate, Pmannonic amide, succinate, malate, fumarate. Pyruvate at 10 mM gave an activity corresponding to 10% of that obtained with KDG. None of these compounds at a concentration of 10 mM inhibited the oxidation of KDG.
When NADP was used as substrate instead of NAD, the rate of oxidation decreased by 53%. involved in the metabolism of PGA. In E. coli kdgK mutants, strains unable to metabolize KDG by the usual pathway, i.e. by the kdgKgene product, utilize this compound by a secondary inducible pathway. The first step of this inducible pathway is catalysed by a 2-keto-3-deoxygluconate oxidoreductase (Hantz, 1977) . Preiss & Ashwell (1963) studied the reduction of DKII, while Hantz (1977) analysed only the oxidation of KDG. The properties of these two enzymes appeared to be very similar to the corresponding 2-keto-3-deoxygluconate oxidoreductase isolated in E. chrysantherni. The pH optima for the oxidation and the reduction reactions are approximately the same in the three species, and no added ions enhanced their activity. In the three micro-organisms the equilibrium of the reaction seems to be displaced toward the formation of KDG, which is probably the specific function of this enzyme system in the cell. In E. chrysanthcmi, the enzyme showed more affinity for DK11 and NADH than for KDG and NAD. The oxidoreductases of the three bacteria showed a high specificity for their substrates: among all the substrates tested only KDG and DKII gave respectively an oxidation and a reduction reaction. Unlike the enzyme of Pseudomonas, which works equally well with either NAD or NADP, the enzymes of E. chrysanthemi and of E. co/i are more specific for NAD. In these two species, 2-keto-3deoxygluconate oxidoreductase appeared very stable, whereas it is very unstable in Pseudomonas in the absence of N A D or NADP. The inhibition by pCMB probably indicates that thiol groups could be involved in the active site of the enzymes of E. chrysanfhemi and E. coli.
The knowledge of the biochemical properties of 2-keto-3-deoxygluconate oxidoreductase will allow us to study the physiology and the genetics of this enzymic step in E. chrysanthemi. The oxidoreductase reaction appears to be strongly induced in kdgK mutants grown in the presence of galacturonate or PGA. In such mutants, the induction rates for other enzymes involved in PGA degradation, including polygalacturonate lyases, are also strongly increased. This phenomenon is due to the accumulation of an inducer of the pathway (unpublished observations). This work has enabled us to isolate mutants lacking 2-keto-3-deoxygluconate oxidoreductase activity and will permit us to analyse the kduD gene coding for this enzyme. We thank Dr E. Flamm and Dr C. McLean for reading the manuscript and Professor F. Stoeber, in whose laboratory this work was carried out.
